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[57] Abstract: 

PURPOSE: To raise productivity of L-phenylalanine by desensitizing an enzyme to be 
subjected to feedback control with L- phenylalanine and culturing a transformant 
transduced with a gene encoding an enzyme having removed feedback inhibition. 
CONSTITUTION: A bacterium of Escherichia coli deficient in tyrR and tyrA is 
transformed with a DNA fragment encoding an enzyme having removed feedback 
inhibition substantially with L-phenylalanine by variation of one or more amino 
acids of DS and CM-PD and with a recombinant vector containing DNA fragment 
encoding SK to give a transformant. The transformant is cultured and L- 
phenylalanine produced in the medium is collected to produce L- phenylalanine 
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(54) immoy^W^ ^^*wJ:5>L-7i^^i'T7->(7)^ig^ 

(57) imm] 

im^] DS. CM-PD<Dlt£},^V^^U^:-<Dr% 

A^K-t. ^tTSK$r=3- K-raDNA^^i-^^'^tfjte 
WkyL^^^—'Q, t y r R , t y r A j^^fOJ^v-m 'J b 

L - 7 en -^V'T ^ V Srl^i^i- 6 w i: ^ -r 
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m±^'^ t y rR . t y r A mBl-^X^Vt:.h<OXh 

7-})>m^>y^—^ (UTDstmi-) -efeor. _a_ 
r o F ieri- v^h.^h(0(ON^^x^ 1 4 7#ecor 

S. a r oF (Cri-K^jX^t>g><ON^^J:*J 1 8 1# 
s. a r oG tcJ- K^ix6 t>o<ON;|:iSgJ: 1 5 0# 

iOT^ny vgsS^^iD-fv-Vgl^tCS^^ttfcDS. _a_ 
r oG <C3i- K^ix6l>0<DN5KdSJ:») 2 O 2#gcr)r 
7-y^Sii5xu^^>'3^St;:MIS^^ix/^DS. a r o 

r oG {Cj- K^H'5t>0<DN5l^d!SJ:'9 1 4 7#i(^;^ 

r oG iCJ" Kj?HetO<^Nj^jaJ:9 1 4 7#BtDy 

r oG tCn- K ^^h.^^ t> CDcDN^SS J: 1 5 7#i(0y 
^:^:=:>j^S;i5W'yn-rv:^^^StCS^^tL2 1 9#@ 

(£JLTCM-PD^ff&-f) -CSboT. 3 3 O^iOir 

]}>^mt>-y'^')>^mizm^^Mzcu-pu. 33 

CM-PD. 3 3 0#@<O-t y >j^S^|^i)5:X^t^C 

M-PD. (DM^hm^fii>\'^iriit^io^=^'-'V-t^ 
DNAmnt. i^^^m^-r—^ a:xTSKt^i-^) 

CO. 

[0 0 0 1 1 

m^±<Dmm^m t-y:^=^j^ry=^>n-^mnr 
yis^r-fc^o ^^mn. h-y:x.^;\^ry:=-><D±m\c 
[00021 

n^m^m\^^xL'y=^=~;vTy=^>^ 



=1 y ^^if^l^-5t>^0ic. 1^^Pg5 6-l 8 9 0. 4#&gP85 
7- 1 7 0 1 8 4. 1^5B&S 58-103398. I^IBBg 

6 1 -9 2 5 6 5. 1 -1 04 1 60. mW^m 
W0 8 7/0 0 2 0 2:d5$>5o :^ L -^ocr^/UT 7- 

y l>AJSO^^«c^^^^5t,(0(C. ^TO6 1-12 8 
8 9 7A*3i>t3. Ifi^;t(^^y^/<^'ry ':^i>.$:ffll^^t> 
OtC. #§SBS6 0-3 4 1 9 7. mmmeO-2A 1 9 
2 . #§BBg 61-260892. l^^flS 6 1-12 4 3 

7 5*i35lbt^TV^6« 

[0 00 31 ii^. L-^ai-zPTy-V^^^SSStC 

(0 0 04l ^jlefi^^jciov^-c. y>(-Yy<y^umf^ 

-D-r 7 If y-^yy n V-BS?- 7 - y 
(i^JlT. TDSJ t^-t^) T'uyzci/ffief^t 

(0 0 0 51 rtOp-i^^^DStCOl^r-e^'S;!)^ a:'> 

aiy tr • ^yicioi^Tti. Dstcii3^^(DT-r y-tf 

^ M.'h^^tE-^^:Lti>^^hiXX^^^^ :Lf\.h\^^ a r o 
_F. a r oG . a r o H P^tJtx-Siife-T'tC 

[0 0 0 61 cf\.h(om^i'\zm'f^^m^mRnr^ 

yggffi^lltt. gElC#^$i^TV^6 [ a r o F : Hudson, 
G.S. and Davidson, B. E. . J. Mol. Biol., 180, 1023 
(1984) /a r oG : Pavies, D. and Davidson, B.E. . 

Nucleic Acids Res.. 13, 4045 (1982)/ a r o H : Ra 
y, J-M. et al, J. Bacteriol., 170, 5500 (1988)] « 

[0 0 0 71 3f§^r5 

tt. Z,iXhT>S^^^'r^Z,tfi^^^!KXh^, 3M^ 

v^r^:i. L~v^)zrvy7:y\z^^y^ — Y^'^yi^m.'^ 

tmW^fX^lt^l^m a^ T om m^^tlX^^^ [Ray, 
J.M. et al, J. BacterioK, 170, 5500 (1988)] « U 
ti^U^fi^b. a r o H ^^t^tPD Sfi&iitt. m<DD 

smmz^i.x0^\cm'fz^. mm:tDNA^m\zx 
Ds^ry^-h'y'^yi^f^mm^i^rchfDnmt-x^^^m 

[0 0 0 81 L-^P'>ytCj:5 a r oF <0:?^-K/^ 

J:^^^ [Weaver, L M. and Herrmann, K. M. , J. Bact 
erioL, 172, 6581 (1990)] ift^foO. N^fiSi: 0 148 

#ecoL-:7'ny L~ti^> :ymmiz tr 
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(0 0 0 9J y^ — h'y<y^m^i!i*^M^^titzDS(Do 
^^tl^<o;^^Vhio ^Kt7-Xb^V a r o F tU" 

^ y D ^ v^^gicgg^-r ^ r t -e L - ^ n vtC J: § 

^^^^tCftJffibrv^a [S^<2illW0 8 7/00 2 0 
2] o i^^:y^hit a r o G K^jX^ P S 

CO 7 6#iC0L-Dxr^>>'3^S^L-/^P V3^gtc:S^ 

/<5'^^ia^^*^UfcDS ( a r oG ) $rWtUTL- 

8- 1 0 3 3 9 8] « L;5^L/^7iif>. :*^^^-eJ;i, L- 
7 :x: :=:yur 7 J; 5 :7 >r - y (a^3i5 j^lSife $ n 

D S (0^^fi5{i<0T- ^ nut L - ^ 31 =.j\.r y=^>(D 
[0 0 1 oj PDtcov^T-cfc 6 ^^^-Vicy tr 

Mj tm-r^) )sxt^PDm\^^^'r^2mmmm (c 

mm<r>r^ /mmmm^^riX\^^^ [Hudson. G.S. a 
nd Davidson, B. E. , J. Mol. Biol., 180, 1023 (198 

4)] . y=c-;ury:^>^^mm\z^m-t^fz.Mc\^. 
ri^6o 0flx.(i. y^^'>v>/<tr tr:y hyvHt, cm- 

PD(02flS(N^iigJ:'9 2 2 6#@^3 3 8#g) <^ h 

^Urv^S [Gething, M.J.H. and Davidson, B. E. , Eu 

r.J- Biochem.. 78, 111 (1977)] « t.ft. 

ibtt. CM-PDcDN*4g1l3<t0 3 3 8S@<D^y:rh 

[^mW-l - 2 3 5 5 9 7] o ^e)ir, a: h'9—:^h 

it. -^(19 3 3 8#Scohyyh:7rxJ^^(0{4:®tch 
y y h 7T :/-r>'t'=^::i>--fe y >-^u y ^^cor ^ y 

[@g^it^?rFWO8 7/00 2 0 2] , ^tt 

^>tjc-r^T, 3 3 8#@(o h yyhy rv^^^-o^/^r 

(0 0 1 I) =^y-^^i^iitc:fei,^Tti. PD^ 



(0fi&^$rW-r6g#^ (PD) A^hO. z<r>^f^.i,y :t.=^ 

; T 5 :^ > I c J: o X :7 >f — K / ^ ^ T V ^ 6 w 

[0 0 12] ^mm^^-y-t^mB'f'(D^'ib. 

[Ozaki, A. et al . , Agric, biol.chem. , 49, 2925 (1 
986)] , Rt^^Bh [Ito, H. et al . , Appl. Hicrobio 
l.BiotechnoL, 33, 190 (1989)] Ity =^^/l-T "7 ^> 

\cj:.i>y4-h*^<y^ mmm^ ^ nytite^^c o v -x 

m^(OPDmB^(Dm.m^m^mBLxiir) . ^v':ty 
tr • =1 y K- 1 2o p h eA m^'f-t(D^m\^^^m 

UTV^a [Follettie, M.T. and Sinsky, A.J., J. Bac 
teriol., 167. 695 (1986)] « l.i!)^\^tj:i>^h . ^ ^) 

mmicisi^^xy^-h'^^y^mm^m^^tX'ftmmmB 
mmi^(DPt:7^}tmm^fix\^^ti::^^^it. 

10 0 13] L-y:iL::^/ury^y<D^^^^oho I 

a r o L t:jtx:7 3,^^-e>tcj:0^p-->'^^ti, [j. 
Bacteroil., 165. 226 (1986)] ^Om^^^W^^m^ 
4xTt^5 [J. Bacteriol., 165, 233 (1986)] . LUi^L 
t£f}^h^i^:^\> tr • ^'y IC:feV^-CSK$rL-7:i:^/W 

xish-r. ^v^mmm\ci6\,^xm^t-h^<D^xh^ 

mm^Q 2- 1 4 3 6 8 2) o 

10 0 14] *yt:r.i/3.y tr • c^ytcjov^r^. 

^yi^^mb^ a. ^§^T ^ y ^^^^SK^O 2 S 
3i(??DS (itfe^j: Lr a r o F . a r oG ) , SK 
(it^^j; bT a r o L ) . ^ LT^d >>vr ^ y h 7 
^ (igfe^j: Lr t y r B ) <DmB^<D^ 

m^mi-r^. \^^io^^y^-h^^<^y^mmmtt^^^ 

-r^r ^:A*^^?^^^-CV^^ [J. Bacteriol.. 108, 400 (1 
971)] , Z<OTy rR^:^y<^m<DmB^ ( t y r R ) 

dSjX^^ufc^iyaiy tr • =y ^^v^rL-yoLZ^/i-r 

^ [Biotechnol. Lett., 4, 223 (198 

2)] . WPIBgS 7- 1 7 0 1 8 4] ;!55^e>i^TV^^o 
Z.<DMXn t y r R iS^^^O^j^ tfcj^->:c y t T - =i 
y (Ci^Ai"^zi^^i LTIjt aroF j: pheA 020 

[0 0 15] 
[0 0 1 6 J 
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10 0 17] Wib:^§^mn. l/j:\^^L^MJ±<nTl/ 

^ ^-'Vm'Mm^^tlfz^ t y r R . t y r A jg^^O 

10 0 181 $blc:$:jg^^(t, =^^y:^')\irmz'r^ 
!3S[±ifeT$>oT. mmii^ Xy r R . t y r A ijfe^^^ 

tLfi:nv'a:y trme&^Kt^DS-C^o-C. a r o 
-K^n^>t>cO<DN^Sgi:0 1 4 7#@(Or><:/<^:¥v 
®E3^S;6irx/<7^V^StCSife$tLfcDS. a r oF 
tC3-K^nSt><^(^N^5S8J:>) 1 8 \ ^B<0-t^)>J^ 
^fi^y:r.=^/\.ry^>nm\zW^^fhtiV>S^ a r oG 
\z^-V^fi^h<o<DNi^^X^ 1 5 o#gcoya y :x 

3^S2)^a>r'»3^StC®g^^ixfcDS. _a_r_oG(Cn- 
K$ix5t3t^ON5KJgJ:!9 2 0 2mU(Dr y=^>mmt^ 
yuir:^>nm\Z.m.^^fl1tT^S. a r oG (C3— 
nS'b<^<^N^Sgct») 1 4 6#a(OT;^/^7=¥v®?3^S 
;i5r;^^'«7:¥V3^SlCgi^^^h.fcDS. a r oG \Z^- 
K^ixSt>0(^N^iJgi9 1 4 7#0(O^f^x^::lV3^S 

mi.mt-^)z^>mm\cm.^^MzDs. a r oG tc=i- 

;d5>r ynxr-.>v3^g(Cg^$H/cDS. a r oG tcn- 
K^n5t>(7)ON^igJ: t? 1 5 7#BOp«^;t->^g 
;dWya>f^v->3^S(C©i$i^ix2 1 9m^<OTy:=^>m 

^^fix^cCM-PD, 3 3 o#@<o-t y :x^g755r;'^^^ 

y^^-y^^m^WL^^MzCU-p-D^ 3 3 0#B<^-tr 
V^-fti;!>-lo$rci-Ki-^DNARfrK-t> SK^^^-K 

L - ^ ^ =>'^T 7 - ><r>m^mxh 5. 

loo 1 9J :*:^^#(b«. ^ST^v^aiy tr • =i y O 
J^' y<7 h:7 7^-;^ :^5'Ao^^^PDit^^^^' d- 



^>i5^L. ^tL^ L-y:x^z=./\.Ty^>^mmX^y^ 

- hv^ y ^ m^tm^^tift P D $: 31 - Kf-Siie-?^^ 

yc7?^^^CM-PDia^^$r^a-->^L, yu-tf 

10 0 2 01 2>:(C. DS^=i-K-r6it^^<tPD$r3 

- y-r^MB^^m^^t^^X t y r R jiSfe^. t y r 

Aiie^<o^^ L^Tcniv^a: y t r • =3 y (c^al/c^j: 

o;^:^^ L - -/UT y - :/£O^B^,^S:65 i V ^ r ,t >£r 1. 

[0 0 2 1 1 ^y.T. :^mm^^micmm'r^o 

[0 0 2 21 :^c^^tci3tt6. y^-h'^<yi^mmiim 

10 0 2 31 5fc-f. ^'>3iy tr • ^yK-i 2omc 

10 6 1^ (ATCC5 3 3 3 8) (D^^i^DNAX^ 
FCRm^m^^X a r oF . a r o G iig^^^ n-zi 

10 0 2 4) a r o F j^U 'a r oG jrtj:, L-^ni/ 

10 0 2 5] m^^\cm^^^c^it^\cn. y^vtf 

:^:^^PCRife [PGR Technology, Stockton press (198 
9)] , m<Ll^m^mm^ [Kramer. W. and Frits. H. 
J.. Methods in Enzymology, 154, 350 (1987)] ^^Wk. 

[0 0 2 6] DS(C:^5l^T. ftfeOT 5 / 

r^jmB.mt\i. L-^ni^:^^ L-y=..z^/i^ry=z 
h^^^nL- hVz^hyr^lcx^y^-h'^^y^ 

/^3^S$:V^?o m^^i ta r oF lcJ:oT^-K^ 

naos-Cfi. N^5S{ffiI<tl9 1 4 7#eor>^/^7=^:/ 
ffiE^^S. 1 8 1 #io-t:y rixbti^l 
iZ^ti^h^Xl^^. 

10 0 2 71 DSiC:^i^^^<DTt ymmm-^(Dmi^t 
rt. L-^n->v, L-y=c:=L/\.ry=^>'^ Jb^'SVM^L 



-4- 



[0 0 2 8] 
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aroFlS 147#g Asp-*Asn GAT-*AAT 

aroF33 ISlSi Ser-Phe TCC-TTC 
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[00 2 9rS!^l^:felJlsT^7'-^K^^m^ 

[0030] ^-r. L-y:^=^ji^ry:^>^^mz.±m 

r • =3yK-l 2tC*3(t5)CM-PDCD*ai^^iaelCl^C 
|!^UfcCM-PD$rmi§-r5»wi:;&5X*tfco ^9^>V^it^ 

3 3 omBo±v>mm^ry>^<y^>fimm\zmw^L 
fccM- p Disarms 3 o#acD-fe y >^^iS£x^;OJj)c 

h(o. ^ etcoiv-oiy tr • :=iy/j:^oiSi^^fef*5i5-ec 
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[0 0 3 21 PDtCjJt^T. m<OT^ /^iClg^^^X 
;vry=^iy\zX^y^-h^y<^yi^mm(D:^:^^:<Mzm 

PDtC*5V^TIiN^ig^^^fl<^: 2 3 5#S. rci^:nytT 
• yoCM-PDtC:fel/^TflN^5S<ffiIJ;!9 3 3 0#e 

co-try vas^og^-cfct), ^v'^ny tr • 

(DCM-PDtr>N^JS®jit? 3 3 o#a(o-t y yj^SJU 

[0 0 3 31 PDtc:fov^r, ^<or % / fkn^^<Dm.^ 

tVX. \.-y =iL=.;VTy==~l^\Z.X,^y 

X\l':fu\^^<^y'^)^J^ ' h:7ii:/u^>^i.(7>PD 
tiiifev^TilN^figiHJ:'? 2 3 5#@. 3ii>:i:y tr • 3 

y0OCM-PDtC*3V^Tf:iN5^$g<||J;0 3 3 0#iO-t 
y>^StO:/ny>^JIS-.cOgft^^-r, ^6tC«^v/ 

:iiy tr • =»y K-1 2co^3 3 o#efo^ y v^^s^- 
[0 0 341 SKig^^tco^/^T^^:xi^^!; tr • =^ y 

K- 1 2(DMC 10 6 l^(0^fe(4^DNA^ »9 PCR^ 

:^:/o:fy&^ro^^r^^PCRi^^o. !?tTi:>tLT 
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(0 0 3 5) SX±(0:^mX'Mm^tl^m^x.DNAt 

^ytfeiC. lac , t r p . P L^C0:3i'>3i y tr • =2 

0^XLDNA(C(t. ^W^it^d^^ h7>';=^^y>' [Be 
rg, D-E. and Berg, CM., Bio/Technol. , 1, 417 (198 
3)] , Muyr — ^'J^ 1 0 9 9 8 5] ^fcfi 

'fSl^'lil&^X. [Experiments in Molecular Genetics, C 
old Spring Habor Ub. (1972)] ^m^^tz:^BX*^^i$. 

[0 0 3 61 t y r R m^^(OX^Vfz=^i^ V tT • 
=^V(Dmni^. jfe-f t y r R MBl-O^ p-- >-^J: iQ 
n^tz. ^^i^:^}} tr • riy K-1 2<DMC1 0 6 1^ 
O^fe^DNAJ;*) PCRfe^^l^T t y r R ij^^^ 
^o-^V^^tfc. rfO t y r R Mfe^^jj^/cC^J^j^ 

wO^^ t y r R iSfe^^Ji-^zii y tr • :='y<D^fe«^ 
±OiE^/j: t y TR tAn^x^^Zt. o^t)+S[^i4ia 
IS^X^fiJ/fi Lfcite^g^CO-^&»C J: U t y r R <D!k^ 

L^^iv^ny tr • ^yiSrit^tyho f^. t y r r 

^fz^ofj:it^mm^m^]) =^>if'r:yhPCRm. u 
^^mmmm^. mzx^ t y r R jte^^fb^-^jti- 
5:^^fe;55#x^n6<> *yt:3^'>:iiy tr • 3 y ^^^iS 
fl§W1-S;^&tb<ii{i:^I^^Mii (N-7t^/u-N' 

9. t y r R it^^O^X^LfcjiVj: y tT • ^ y ^rol: 

(0 0 3 7 J t y r A j&fe^(D^j^ Lfe J^'>3: y tT • 
=1 y t> t y r R O^-^ [^^Jc t Tii;i£ ^ n 5o 

t y r A i§fe^t^:/»^7iii>^7^t: Kn-/-^— ^^r^ — 

y^fz^-CtX^ ^ L - a. -/vr 7 

lO 0 3 8] i^i±<0:^fe-Cl&^§Lfc. 7^-hV<y:?ffi 

j^^^tfj^j^^DNA-C^^W^M^nfc t y r R . t y 
r Ai&fe^;^^:>:j^Ufcj:->3: y tT • y $r^l|L. :® 

(0 0 3 91 '(^ffl-rsL-:7ai-/ur^->^^ffico^ 

(0 0 4 01 ^^iJlirUTfi. ^/i^ri-^^ 



ii-?^ h-^. :77^' h-;^-«?>TA/-s:Ay<^jD;K5>^^ 

[004 1 1 ^^ast LTIi. il8^rv^^!>i^. 

[004 2] ^ttlS^fi^llisi i tril, f ^ ^ K 

[0 0 4 31 rn^coitfeic. jii^^{ci£:i:T, y>'^;57y 

[0 04 4] ^^nAj^6*j^#T-e 16-7 2n^%m 
i-6msj:<. ^#ia«li3 ot:'-4 5t:(c. :^||tf'p 
H^i5-7ic^J^a|li-^, r^, pHgiigjcitiifit^-svsi 

[0 0 4 5] wmWL-h^^<r>\.-y=^^fvry:=^><o^M 

[0 0 4 6] i^A±tc3iE-<fc:^&tcj:9. 7-r"K/<2/^ 

[iaW;i^^B^$tLfcDS:fei:tJ«PD. ^LrSK^=firi-5 
t y r R , t y r A ja-^^c^:^^ LfcJ^'Vcn y tT • ^ 
y?^K^I^I«c^iSlli-5i:. L->^a:::i/PT^->±m 

[0 0 4 7 J il^AT, lllfe*a|lcS-:5tMic=i*^:6(jtcifti5^-t- 
[0 0 4 8] 

(1) :iiv'3:y tr • =iy(^ a r oF a3K^^^Dsa 

iiiyzn ytr-^yK-i 2(?5mc i o 6 itt^j^b. ii 

^o:^«fe(cti^or3^fe(*:DNA^tttf}Lfco 

co:fi:Sfc D. moI. Bioi., i8o, 1023 (1984)] tcieiE^ 

1 &0!2ic^-t-J: b /cC^J^DNA:/^^-^- 2;^!:$:ii^ 

Ba^J#-^ 1 CCTAACCAGT AAACaAACA 
ga JfJ#-^ 2 CCCACTTCAC CAACCACTTC 
rne)dt^tL-gtl a r o F jg^^(0±a£&t;t-]rgg)cffi|^ 
/^ia^iJ$r^*i--5o Cf^3^^{*:DNAi:DNA:/7-f -v— 
^ffll^-C^y^y y^^oy^'m [PCR Technology. Stockto 
n press (1989)] Clt^oT P C R^A£:$r^T//l\ 1. 5 
K b p<ODNA»r>i-$rl§^Co £itT> S H7>&{aiJlC7j^-t-i: 
Ptc. ZCQ^>r$r^J[^g|^E c oRVjrEc o 4 7 I I 
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IX^mWrLfz^^. PHSG3 9 8 (^^SigttlS) co Sm 

T^^KpHSG- ar o F =£:^^t}^o MtCpHSG- 
a r o^ ^mmmm Ec o R 1 j: H i n d I 1 I T'^C^ 
'ti>Zt\CX^ nit a T oFjtfe^^^ D N A Eer>i- ^ . 
T4DNAy^— ^'C:/^:^^ KpTS 1 (1#^¥2- 
1 9 2 1 6 2) CP E c o R I , Hind I I 1 ^Wiyy 

=3 y K- 1 2C0DS:X^ ( a r o F . a r o G . a r o 
H) t^AB 3 2 5 7 $r?i^Sfe^Lfc (AB3 2 5 7^ 

t, 7^7;^^ KpTS- a r o F $r^#LfCo 
to 0 4 9) JSfctC, y^;^^ KpTS- a r o F ^b: K 
nJev//UT^>'$:^V^/t:^^fc [J. MoL Biol., 175, 33 
1 (1984)] (Cj:o-C^^^Sl:ff/<Cofcm, AB3 2 5 

7m\mn^^L. ryt-i^D^m^^^wwik. im 

it s r oF iife^^^W-r^7^7^^ KpTS- a r o 
F 1 5^ t/p TS- aroF33 >S:#/Co y'-f— K^^s^ 

^Pfl*/5^)lfK^$i^TV^/^^V^a_J_o_F^^^J^^^^- 
i^^i--5AB 3 2 5 7^fi. Izl 2 IC^-f-ii 
1 mMcOL-f-P v^^/i^^DX.^^. ^DSSi4^5:7.f — 

[0 0 5 01 (2) ^^/m y tr • =1 y O a r oG fejjS 

a r oF jgfe^(7)^-^<bl^^t::LT. ^^^ a r oG jg 
fe^$rlBl1§Lyi:» <^^co:S:Slt [Nucleic Acids Res.. 1 
0, 4045 (1982)] tCgB^^jxtl^^) a r oG^^^(OU 

N A y 7 ^ - 2 Ms: ^ U /C o 
ie^iJ#-^3 CTATTTACCC CGTTATTGTC 
e^fJ#^4 ACTCCGCCGG AACTGACTAA 
m^fy^-^—tMC 10 6 1 ^(??Sfe6(*:DNA^rfflV^ 

PCRRft-^n^J:^\ 2. 1 k b p(ODNAl^>T'^ 
^^yt, ^l(^:&(ldlc>T^rJ:9tr, Zi^»r>H-$:^jfiB 
gl^ S a 1 I <b £ c o 4 7 I I IT^»rt/t^. pHS 
G 3 9 8 (S^iitlfcM) <D S a 1 I j: S m a I ^^fifel^ 

T4DNAy ^^^v^-r;^$Sufco 

-ejMi 0 9*(?^?^|ffelftL. ±^Lfz^oyM.y=^^ 

=^ ''/^m^^<r>^ "C aroG iie^ A ^ fifty' y:^ 



5 K^^^-r'5BltSlc;d>e>:/-7:^^ Ki£rl*etiL, 
KpHSG- a r oG ^^^tfep P>{C p H S G 

r oG ^^Htia^^ Ec o R I i n d ! I I X-mm-t 

T4DNAy ^-e. pTSKO Eco Rl. H 

1 n d I 1 \m^yy^y^>Ytw^\^tz. z.<D^fi^m 

^^XAB 3 2 5 7^ ( a r o F . a r o a r o 

H) ^mnm^i.s ^wtrcr^-e-vy viti^^octiT 

-fyy^X KpTS- a r oG ^rgtHUfCo 
I00 5 ll^^tC, K€: a r oF O^^j: 

AB3 2 5 7acic}^'aisi^L. r>'tr>-y 

r 7 v^:^n]<o^^>^^tc±W \.ltmm^ 6 ^is^ 
b <nm^ x^y4-v^<^y^ mmm^ ^ n^a r 

o G jg^^^^^r ^ T'y ^ ^ KpTS- a r oG4 . 
p T S - a r oG8 . p T S — a r o G 1 5 . P T S - 
a r o G 1 7 , p T S — a r oG 2 9 , p T S — a r o 
G±Ojkmzo y h^^< y^m'^:^m^^tiX\^^fj:\^^ 
a r oG ^tt^y'yy^^ K^:^^-f-^» A B 3 2 5 7^ 
ms (C^-fii ^^>t&^tC 1 0 mM<D L - 7 a: zi/u 

//So 

10 0 5 21 (3) Dsmmmi^<Dmm 

±m<om^m a r oF (2S^) j^t/^^^ a r oG 
(6S^) ^^^-r^-fyy^^V^. Dsm^^^'Uj: 

^/^:xi/3:y tr- =i y AB 3 2 5 7W^^ALT?^^iK 
^^^^^L. ^H-eti^A J 1 2 5 9 8 (AB3 2 5 
7/pTS- a r o F 1 5 ) .AJ12599 (AB3 

2 5 7/pTS- a r oF 3 3 ) . A J 1 2 5 6 2 (A 
B3257/pTS - a r oG4 ) . A J 1 2 6 0 0 
(AB 3 2 5 7/pTS- a r oG 8 ) . A J 1 2 5 6 

3 (AB3 2 5 7/pTS- a r oG 1 5 ) . A J 1 2 
60 1 (AB3257/pTS- a r oGl 7 ) . A J 
12602 (AB325 7/pTS-- a r oG2 9 ) R 
U^AJ 1 2 6 0 3 (AB3257/pTS- a roG4 
_0) t^^Lit, ZtlhO^. ft^^irbTAJ 1 2 5 

6 3. A J 1 2 6 0 SSr^H-eH. ^V^^y fcT • ^y 
FERM BP-3667. FERM BP-35 

6 8 2:UT^x?effic^feufco f^. \twt(r>it}h. jim^ 
[0 0 5 3] ::fiib(omW^^^(OL-y:j^=^/\^ry=^ 

y^M^^ [SugiiDoto, S. et ai. ,J. Biotechnol. , 5, 

237 (1989)] ^m\^^x2 4mmm^Ltz. z(Dmmm 
i^^^m'^i&mmzx^xmmmmtrmmL. mm(o:^ 

^ [Gollub, E. et al.. Methods Enzymol. , 17, 349] 
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j_oGjom^n L - 7 -;wr 7 - v^i^ifiET-e d s torn 

pTS- a r o F ) Tft L -^n i/y<D#^ETX*^3^?g 
ytr-r^yABSZS y/'pTS- a r oG ) T-li. 

L - :7 :n ::z/ur 7 ^ >co#?iT-e^^fl&ii;^)^^ < ^ 

fco ^^tC^^M(0 5*>A J 1 2 5 6 2^0DS»i. L 

(0 0 5 41 (4) y^-v^<y^m.^fim^^ntzD 

y^—V^<^y^ mmtm^^fl1tT> S oyi&^^Xh^a_^ 
r o F 1 5 . a r o F 3 3 , a r o G 4 , a r o G 8 , 
a r o G 1 5 ^ a r o G 1 7 , a r o G 2 9 . a r o G 

4 Ot^i[gggj^lJ$rii^<^:trfe [Molecular Cloning (Sec 
end Edition), Cold Spring Harbor Press (1989)] 

[0 0 5 51 lllffe€fi|2 7-<-K/^5'^ia^d5^i?|S^^ix 

^-f. K^tO^iyj^^-^^f^y ^^^ACDPDitfe^ [Follet 
tie, M.T. and Sinsky, A. J. , J. Bacteriol. , 167, 69 

5 (1986)3 t<r>^m'^^^^t\.x. ':fu\^j<^^^)^ 
y:^% KpAj 1 6 ^(p n c o I ^y\(n^m'^¥\^y^ 

^ b7r— > ^-^AA J 1 2 1 2 5 (FERM-P75 

4 6) [z^n^fi^, ^r%/mmm^')^^<^^ 

X\^1to (^C<yyx^ Kp PHI AUzh^:/ 

^A-y^ Vyr—:^^^9J^<r>yiz.z^)VT 
y - ^'^M^cO P D ^ => - K-r i 3te^(?5:^gE?il 

^§^^7^0 fSi. IKt'^;^^ Kliyu't'/^:5^7^y '^A . 7 
i!' h7r-^>^AA J 1 2 2 5 9 (FERM P-3 

5 6 5) mc%'^^k\^^h<o-^{%m\^fL. m±^ty4 

[0 0 5 61 (2) ^v-^iy tr • nyco^^^CM- 



^-f, :3ii>^y tr • =iy K-1 2(DRR1 to^Pj, ii 

[0 05 7] —:ff. <£^^<DXU. [Hudson, G. S. and Dav 
idson, B.E. , J. Mol. Biol.. 180,1023 (1984)] iClE 

^^j^xv^6 p h e A m^^<r>mmmm^^m-^\i^x . ^ 

Ttc^-t-<t 9/j:^^DNAy^7^-v-4;^ imm^7 
-10) ^xi^co;^j^-e^k^^^L;fc. 

E?^IJ#-^ 7 TCAACAACa CGMCGGACG 
E^l]#-^8 CGCCGATTTA CCGCCTTGAG 

9 CCGTCTGGAA CCACGCCCGA T 
Ba^iJ#-§-10 ATCGGCCGTC AHCCACACG C 

7^8 ft-^n^ Hp h e A mBiF(D±m.^j:t^Tm\z^ 

<D?^^fj:^&i^^ 3 3 o#9<D-fe V >mm55im<D^mt 
ffiim^i^o., oiv-^iy tr • =ay K-i 2ocm-p 

tfiiijv^tif^i4>^WL. wc:i:vaiy tr • ='yK-i 

2(DCM~FD<DN^ti^X'9 3 3 0#@CDir y 

II. :/i^e^>^'r y !:7iN-7^^h7T*-7<v^APD<^ 
N^i^i t? 2 3 5#i(D-fe y yBmk^t^^'r^i^<ox;h 

[0 0 5 8) ?fe#.(^DNAl M g^. S?tJ#^7 

*>ctl/l 0i??7'7-r^-*Jc0:fcO3 OOn g. iViiJiE 
n^^8i^Xl^9(Oyy^-^-iS(D:io(D3 0 0 n g 
V^r. PCRSfS;^^TV\ ^tt^:*m. 3Kb p^O. 
5Kb p(DDNA®rn-$r1§^o ^PCR(0:^1^H. ai^V 
y 7^P5<D;^^[Erlich, H.A., ed. , PCR Technology, 
Stockton press (1989)](C Lfc;i>o-C. mmmmft?m 
® (Thermal cycler. Perkin Elmer Cetus^t^) ^^l^ 
T9 4'C15>^1. 5 0t:25>r^. 7 2'C3^m<D&it>^ 
l'f^^/l-t\.X2 0-^4^/i^rf^J:oti, Zflh(DDU 
Am}i^rift2-;^^/X^m^^WjL. ONAlelilZ^yh 

(Gene Clean, yi-^->^±W ^t^V^TS 
lIXL. m^^ti<b<nm}^tmm'^7tS<D':/y^'r-' 
^m^^XPCR^.^m\ 1. 8Kb p£DDNAK?r>t 

^sr^t;fc. z<Dm)f^mmmmB_amH i ^ Ps 1 1 x^ 

0?rL/c^. 1. 7Kb pcODNA^>r<^r;<fn-xy/u 
m^i^®itcJ:0(Hlit5lt. :^tc^(0^K'i:7^7 7.^ KpH 
S G 3 9 8 (^fgiitijli) eO Bam H I . P s t I mWf 
^^:r4'J:tf—^^m\^^xm^l-it^ rix$:^v^n.yt 
r • =3yK-l 20KA1 9 7if^ ( p h e A ) 

y:=->m7^mm^Lx\^^^mt)^hzfy;^^ k^-shsj 
u. pPHAB^^^u^c. mmm^i^^^-t^ztiz 

[0059] (3)3i>'inytr-^yK-120ty 
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^-f. :3:->3i!; tr • K-l 2<OW3 1 1 0^ 

1 2<DME8 424*;^ (Hf rP045. thi s r e 
I A 1 s t y r A : : T n 1 0 > u n g — 1 ^ n a d 

B_) {m^mm^mfj:r)A^') (ommm^m^L. 3 

3 y K- 1 2(OW3 1 1 0 ( t y r A ) ^^^^Lfc^ 
;ico^tc. (2) vmzyy:^^VpFBAB^m'^m 
mtcj:D^Abrc« f^. c^ii/oiy tr ' K-1 20 

^mWmm^ [W3 1 1 0 ( t y r A ) /p PHAB] 
tilStX^iC^ft^nri^'?, ^?t#^liFERM BP 

-3 5 6 evh^o 

[0 0 6 01 (4) PDP^f^ttO^^ 
ici^3: y tr * 3 y K-1 20W3 1 1 0 ( t y r A ) 
/ (pPHAB) tS^OH^c^, L^ifi$r^(<^T3 7t:, 

b/io ?)cv^-e. ^li^*:$:^3l:^i^AlwT2lEl?^if^U. ?K 

h^j:^m^mmm (ph?. 5) icsk^l/^^. 3oi^? 
r^. 4 [El<^j@^riS£ (2 0 kH z) «s?^-#-^r<htc<t i^ia 

[0 0 6 11 PDP^?£f±^J3^fi. ^^[Cotton. R.G. 
H. and Gibson* F. , Meth. in EnzyiDol. , 17. 564 (197 

OmMhV :^^0imm (pH8. 2) 3 7t: 

lo^Sits;^-^. iN7i<.miti-hv ^A^m^x^jt^^ 

W±^. ±^Ufc:7 3.^/Ul^y K'V^^S 2 0 nni<D® 

V^^fCo ^^fim4g||C^i-i9*Cs if^^CM-PD 

^^£;m^$n^cO(cML. ^^S!CM-PDt;i5mM 
L - 7 It -/VT 7 - >-e t A/ mH^S *~t d^o 

[0 0 6 2] ;^^\CL-y=c:=^/ury^l^<D^mETV 

3. 5x 1 o^u/rnggs-c. m^m<Dm^\t\. 5 

[0 0 6 3] (5) y tr • =3 y O^^^CM- 



(2) i^i^tc. 1 -1 4co^^dna^ 

^n^iXpPHAD, p PHAT e r mi:-^^Lyiio 
EJ^iJ#-§- 11 CCGTCTGGAA GACCGC 
CCGA T 

ffi^y#^ 12 ATCGGGCGGT CTTCCA 
GACG G 

ga^J#-^ 1 3 CCGTCTGGAA TGACCaCGA T 
ga^J#-^ 1 4 ATCGGGCGTC ATTCCAGACG C 
[00 6 4] JEtC, ^ £07"^ ^ ^ K^W 3110 ( t y 

T A ) ^t;llS#<D^^^'g^^^^^$rffiv^r^Atyto ^ifc. 

W3 1 1 0 ( t y r A ) /pPHAD, W3 1 1 0 (_t_ 
y r A ) /pPHATe t mit^fl^etlWiXm^C^t^^ 
nri3*9. 1^f£#-^li^n-^tiFERM BP-3 6 5 
2tFERM BP-36 S3Xh^^ 

(0 0 6 51 (6) pommm^mi'^ 

y tr • =1 y K- 1 2<DW3 l l O ( t y r a ) 
/p PHAD«^. W3 1 1 0 ( t y r A ) /p PHAT 
e r m^SfDlli^:^:. Ll^^^fflV^T 3 7 1:. 1 S^Ffl^ 

r- (4) ir^^tCLT. PD^^?5i40^:tSr^fo/co 
f^mt (4) ^I^^-Cfol?. ^^^CM-PD«5mM 
L - :7 3: -/vr 7 - 15 ^ A/ Hffi^^^ Jt :6^o 

[0 0 6 6] ^btc. L-^3I:-/^r7->'^0^?^^^T 
-C^D::^^f>2@C0^^^^^^0^St±lil. 5X1 O^U 

[0 0 6 7] mmms sKmB'F(DW^ 
^-f, 31^31 y tr • =iy K-1 2<omci oe i^a^ 

[0 0 6 8] — ^^<0:fi:i!ifc [J. Bacterlol., 165, 
233 (1986)] (CfE|K^tLT^^5 a_r_oJLjSfe^(OiiSK 
?ijHS-:$v>T. WTi::^1-i9^i^^DNA:7'^-<-7- 

2^ {ffi>?ij#-^i 5-16) i:m^(D:^mxit^^fitL 
it. 

Sa^J#-^ 1 5 GCGGAGaCG AGAAGTGGTG 
ffi^j#-^16 AaCAGAATT CCTTCCGAGC 
1 5 i: 1 e\^^^^tia_j_oJU&m-(D±mRXJ^Tmc 
t5l?^IM/<tia^J^W-r5o r(??^fe**:DNA<tDNA:/ 
^^l^r:ii/uy y^b<0:^^ [pgr Technolog 
y. Stockton press (1989)] tC^oT P C RSf£;$:^T^«f 
1. 0Kb p(DDNA^^$:#/c, i^JlT. I15(C^ 
i-J:^!-. rcDt^K-^$iJlSa^^E coRI^ Sac I-C 

mmvfc^. PHSG3 9 8 {^mi^nM) <^ e c o r 
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^ ^ S a c I mm^^T 4 DN A iS—^^!^\,^xmB 
tr p H S G - a r o L ^#feo 

(00 6 91 4 t y r R . t y r A j&Bl'tt-X 

^Lti:^i^:ji ytT-:3yK-12(DW311 Otfl^COit 

jct/o: y tr • y K- 1 2C>MC 10 6 ii 

[J. Biol. Chero., 261, 403 (1986)] (CfSiE^ 

1 7 GGAHAAAGC TTTGGAGCn 
ISMWr^' 1 8 GTGGATGMT TCACCACCGA 

-5'— ^fflt^"C:xyvy [PCR Technology. St 

ockton press (1989)] l:i'itoT P C R^^v^tTJ^ev\ 

Ec o R I tH±n_d I I I xmrnvtz^. p T S 1 <0 
E c o R I <^: H i n d I I I (DmWrmtr4DNA])if 

V^Tii^ U p T S - t y r R ^^/Cp 
(00 701 J^l- p T S - t y r R ^^Jf^Sl^ B g i I 

I -c^j^ u t y r R mB^p^(Dm 3 0 0 b p (omn^x 

^^-fr, mO<Dm)i^DNAZfy>r->(iyi!f^^y h 

fSi^tij;*) -c^v^^mu^'^. Wt/^Wb^-t-pTS 

-A t y r R €r^^Lfco ff|ggLfepTS-A t y r R 

Sric'Voiy tr - =^yK-i 2(??w3 i i ot^ o^ii 

T^fe{^±cOiE^/jr t y r R aSfe-?-^. ^AUfcA t y 
iRite^;^^®^ 3 - 7/V;^-o VjiS^lC 
t y r R jefe^;^^rX3^bfcJ:'>:i: y bT ' 
^tyK-l 2COW3 1 1 O^^r^J^t^o 
(0 0 7 1 1 m^X^fz t y r R iifc^OX3*ctfe 

y tr • =1 y K- 1 2cow3 1 1 o^Srx h 

3:ytr-=3i;K-l 2a)ME8 4 2 4:Hc (H f r PO 
4 5 , t h i ^ re 1 A 1 ^ t y r A : : T n 1 0 . jj 
n g-K n a d B ) (@:fe5ie?3F^Ff J: 19 A^) 
H^ff^^^^L. 3 7t:T'l 5 5>^^St@LT^^fej^^tT 

t y r R . t y r A igfe^^^Xj^^ tfc^v^ j: y tT • 
3yK-l 2(DV/3 t 1 OttcSr^^tyto 

10 0 7 2] mmms h~y::'^=-/i^Ty^><D^m^ 
m 



(1) :7^-bV^5/^fa^>&tfifI!s^$.tL^DS:»oiUtCM 
-PD. ^LXSK^^^ir^ t y r R . t y r A ^fe 

^<D:X5^u;t^i^3: y er • y K - 1 2 cow 3 110 

D S 'MB^^^^-r^ p T S - a r o G 4 ^^JPSS^^ E 
c o R I j: H i n d I I I -C ar o G 4 gg^^^ *3 ttj 
L> r<0^>T-^p BR3 2 2C0 E c o R K Hin di 
1 I ^^^ffir^^AUT^7X^ KpBR- a r oG4 

ir^t^i^v^m^-^-tf-) ^mmi-tz. t.fz^ mm 

PDite^^-g^l-^pPHAB^. ^J(^^ Bam H 
1 i n d 1 I 1 -em>fLtCM-PDit^^^W7^ 
hi^^Otats rcOC&f>T-$:pBR- a r oG4 cO 
B am H I , Hind i I I ^^SP^lilJf A LT ^ 
^ Kp BGA 1 $r^Si^U/Co jFbtCpBGAl^r Ec o 
R 1 ^ B am H 1 T^^fbbT a r oG4 - pheA ^>i- 

E_c_oRI. Bam H I ^^ggfet^l^A UT ^ $ K 
pMGAl ^fll^U^o 

(0 0 7 31 $btCpHSG- a roL $r Eco RI^ 
S a c I -C a r o L mn^momi.. ^(Omn^ViMG 
A 1 O E c o R K Sac I ^^gg^StC^A LT 7^7^ 
^ KpMGAL l^^^bfc, 

(0 0 7 41 i^tCpMGAl^fct^pMGAL l^t y 
r R . t y r A igfe-^<^^5^tfe:^->3iy bT' 3 y K 
-1 2COW3 1 1 O^tC^Hm^AU. ?^Sfe^ttW 
3 110 ( t y r R . t y r A ) /pMGA 1 iaJ:t/?^ 
ir^^W3 110 ( t y r R . t y r A ) /pMGA 
L 1 ^ritJ^Lfc. mmWm^tl^fl^tlA J 1 2 7 4 
Ot*, A J 1 2 7 4 l^t^^L. ^XWC^it (FE 
RM P-12999v PERM P-13000) U 

/Co 

(0 0 7 51 (2) L-y:^:^/i-ry=':^±m^ 

mmxumi.ftmnii^^A } i 2 6 04>^l-7zc:- 
2:^hy!>i^29. 4g, y v^2;*ci^;t7y Tj'i.e g, 

mt±V^) ^-Ul g. i£{brV^:::i':^-fc.2 g. iJ^::ii>ee 
h y A 1 0 g . ^ V^-:*- h y ^'ix 0 . 4 g , 

3g. r ^ V|^^2mg, ^n^yx? 5mg$r;^ 

iLtc^tf) $:fflt^-c. 3 7t:-e2 4^f^i^iiLysio ^ 

[0 0 7 6] 
(^21 
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w m m 



A J 1 2 7 4 0 



0 5 



A J 1 2 7 4 1 



3 1 



[0 0 7 71 

: 20 

GCTAACCAGT AAACCCAACA 20 

i^m^^ : 2 
K^J(^^$ :20 

CCCACTTCAC CAACCAGTTC 20 

ia3?y#^ : 3 

mWM^ : 20 

m^tom : mm 

ATG ACC GAC GCA CCA ATT GTT GTG GCC 
Het Ser Asp Ala Pro lie Val Val Ala 

1 5 
TTC ACC GAA GAA GCC CTC TAC AAA TTT 
Phe Thr Glu Glu Ala Leu Tyr Lys Phe 
20 25 
GAC GGT GAG ATC GAG CkG QA CCA GCC 
Asp Gly Glu lie Glu Gin Leu Pro Ala 
35 40 



GTATTTACCC CGTTATTGTC 20 
fc^J#^ : 4 
m^<D^^ : 20 

E^ijcos : mm 

ACTCCGCCGG AAGTGACTAA 20 

mm^ : 5 

iB^J<??:^^ : 948 

E^'ioT)^ : mm 

ISBMcomM : genomic DMA 

im 

revibacteriuml actof ermen turn) 
ttcife : AJ12125(FERM P-7546) 



TAT TTG GGG CCT GCC GGA ACC 48 
Tyr Leu Gly Pro Ala Gly Thr 

10 15 
Ca GAC GCC GGC GTA TTC GGC 96 
Ala Asp Ala Gly Val Phe Gly 
30 

AAA TCG ca CAA GAA GCT GTC 144 
Lys Ser Pro Gin Glu Ala Val 
45 
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GAC GCG CTC CGC CAC GGC ACC GCC CAG TTC GCG GTG GTC GCC ATC GAA 192 
Asp Ala Val Arg His Gly Thr Ala Gin Phe Ala Val Val Ala He Glu 

50 55 80 

AAC TTC CTC GAC GGC CCC GTC ACC CCC ACC TIC GAC GCC CTT GAC CAG 240 
Asn Phe Val Asp Gly Pro Val Thr Pro Thr Phe Asp Ala Leu Asp Gin 
65 70 75 80 

GGC TCC AAC GTG CAA ATC ATC CCC GAA GAA GAA CIC GAT ATT GCC TH 288 
Gly Ser Asn Val Gin lie lie Ala Glu Glu Glu Leu Asp lie Ala Phe 

85 90 95 

Ta ATC ATG GTC CGG CCA GGG ACT TCG CH GCC GAC GTC AAA ACC CTC 336 
Ser lie Met Val Arg Pro Gly Thr Ser Leu Ala Asp Val Lys Thr Leu 

100 105 110 

GCC ACC CAC CCG CTT GGG TAC CAA CAA GTG AAA AAC TGG ATG GCA ACC 384 
Ala Thr His Pro Val Gly Tyr Gin Gin Val Lys Asn Trp Met Ala Thr 

115 120 125 

ACC ATT CCG GAC GCC ATG TAT CH TCA GCA AGC TCC AAC GGC GCC GGC 432 
Thr He Pro Asp Ala Met Tyr Leu Ser Ala Ser Ser Asn Gly Ala Gly 

130 135 140 

GCA CAA ATG GTT GCC GAA GGA ACC GCC GAC GCA GCC GCA GCG CCC TCC 480 
Ala Gin Met Val Ala Glu Gly Thr Ala Asp Ala Ala Ala Ala Pro Ser 
145 150 155 160 

CGC GCA GCC GAA CTC HC GGA CTG GAA CGC CTT GTT GAT GAT GTC GCC 528 
Arg Ala Ala Glu Leu Phe Gly Leu Glu Arg Leu Val Asp Asp Val Ala 

165 170 175 

GAC GTC CGC GGC GCC CGC ACC CGC TTC GTT GCA GTC CAA GCC CAA GCA 576 
Asp Val Arg Gly Ala Arg Thr Arg Phe Val Ala Val Gin Ala Gin Ala 

180 185 190 

GCC GTT TCC GAA CCG ACC GGC CAC GAC CGC ACC TCC GTC ATT TTC TCC 624 
Ala Val Ser Glu Pro Thr Gly His Asp Arg Thr Ser Val He Phe Ser 

195 200 205 

CTA CCC AAT GTG CCA GGC ACC CTC GTG CCC GCC CTC AAC GAA TTC GCC 672 
Leu Pro Asn Val Pro Gly Ser Leu Val Arg Ala Leu Asn Glu Phe Ala 

210 215 220 

ATC CGT GGC GTC GAC CTC ACC CGC ATC GAA TCC CGC CCC ACC CCC AAA 720 
He Arg Gly Val Asp Leu Thr Arg He Glu Ser Arg Pro Thr Arg Lys 
225 230 235 240 

GTC TTC GGA ACC TAC CGC TTC CAC CTG GAC ATA TCC GGA CAT ATC CGC 768 
Val Phe Gly Thr Tyr Arg Phe His Leu Asp He Ser Gly His He Arg 

245 250 255 

GAC ATC CCC GTC GCC GAA GCC CTC CGC GCA CTC CAC CTC CAA GCC GAA 816 
Asp He Pro Val Ala Glu Ala Leu Arg Ala Leu His Leu Gin Ala Glu 

260 265 270 

GAA CTC GTA TTC GTC CGT TCC TGG CCC TCC AAC CGT GCA GAA GAC AGC 864 
Glu Leu Val Phe Val Gly Ser Trp Pro Ser Asn Arg Ala Glu Asp Ser 

275 280 285 

ACC CCC CAA ACC GAC CAA CTA GCT AAC CTA CAC AAG CCG GAC GAA TGG 912 
Thr Pro Gin Thr Asp Gin Leu Ala Asn Val His Lys Ala Asp Glu Trp 

290 295 300 

GTT CCC GCA GCA AGC GAA GGA AGG AAA CTT AAC TAG 948 
Val Arg Ala Ala Ser Glu Gly Arg Lys Leu Asn 
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310 315 

^^l(Dm^ : genomic DNA 

mm 

revi bac teriuml ac tof ermentum) 
: AJ12259(FERM P-3565) 

ATT GTT GTG GCC TAT TTG GOG Ca GCC GGA ACC 48 
lie Val Val Ala Tyr Leu Giy Pro Ala Gly Thr 

10 15 
CTC TAC AAA HI GCC GAC GCC GGC GTA TIC GGC 96 
Leu Tyr Lys Phe Ala Asp Ala Gly Val Phe Gly 
20 25 30 

GAC GGT GAG ATC GAG CKG CXk CCA GCC AAA TCG CCA CAA GAA OCT GTC 144 
Asp Gly Glu He Glu Gin Leu Pro Ala Lys Ser Pro Gin Glu Ala Val 

35 40 45 

GAC GCC CTC CGC CAC GGC ACC GCC CAG TIC GCG GTG GTC GCC ATC GAA 192 
Asp Ala Val Arg His Gly Thr Ala Gin Phe Ala Val Val Ala lie Glu 

50 55 60 

AAC TTC GTC GAC GGC CCC GTC ACC CCC ACC TIC GAC GCC CTT GAC CAG 240 
Asn Phe Val Asp Gly Pro Val Thr Pro Thr Phe Asp Ala Leu Asp Gin 
65 70 75 80 

GGC TCC AAC GTG CAA ATC ATC Ca GAA GAA CAA CTC GAT ATT GCC TTT 288 
Gly Ser Asn Val Gin lie He Ala Glu Glu Glu Leu Asp He Ala Phe 

85 90 95 

TCC ATC ATG GTC CGC CCA GGG ACT TCG CTT GCC GAC GTC AAA ACC CTC 336 
Ser He Met Val Arg Pro Gly Thr Ser Leu Ala Asp Val Lys Thr Leu 

100 105 110 

GCC ACC CAC CCG GTT GGG TAC CAA CAA GTG AAA AAC TGC ATG Ca ACC 384 
Ala Thr His Pro Val Gly Tyr Gin Gin Val Lys Asn Trp Met Ala Thr 

115 120 125 

ACC ATT CCG GAC GCC ATG TAT CTT TCA GCA AGC TCC AAC GGC GCC GGC 432 
Thr He Pro Asp Ala Met Tyr Leu Ser Ala Ser Ser Asn Gly Ala Gly 

130 135 140 

GCA CAA ATG GTT GCC GAA GGA ACC GCC GAC GCA Ga GCA GCG CCC TCC 480 
Ala Gin Met Val Ala Glu Gly Thr Ala Asp Ala Ala Ala Ala Pro Ser 
145 150 165 160 

CGC GCA GCC GAA CTC TTC GGA CTG CAA CGC CTT GH GAT GAT CTC CCC 528 
Arg Ala Ala Glu Leu Phe Gly Leu Glu Arg Leu Val Asp Asp Val Ala 

165 170 175 

GAC GTC CGC GGC GCC CGC ACC CGC TTC GTT GCA CTC CAA GCC CAA GCA 576 
Asp Val Arg Gly Ala Arg Thr Arg Phe Val Ala Val Gin Ala Gin Ala 

180 185 190 

GCC GTT TCC GAA CCG Aa GGC CAC GAC CGC ACC TCC GTC ATT TTC TCC 624 
Ala Val Ser Glu Pro Thr Gly His Asp Arg Thr Ser Val He Phe Ser 

195 200 205 

CTA CCG AAT GTG CCA GGC AGC CTC GTG CGC GCC CTC AAC GAA TTC GCC 672 
Leu Pro Asn Val Pro Gly Ser Leu Val Arg Ala Leu Asn Glu Phe Ala 

210 215 220 

ATC CCT GGC GTC GAC CTC ACC CGC ATC GAA CCC CGC CCC ACC CGC AAA 720 
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305 

gS^J#^ : 6 
KJilfO^^ : 948 

mm 

ATG AGC GAC GCA CCA 
Met Ser Asp Ala Pro 
1 5 
TTC Aa GAA GAA GCC 
Phe Thr Glu Glu Ala 



He Arg Gly Val 
225 

GTC nC GGA ACC 
Val Phe Gly Thr 



GAC ATC 
Asp lie 

GAA CTC 
Glu Leu 

ACC CCC 
Thr Pro 
290 
GTT CGC 
Val Arg 
305 



CCC GTC 
Pro Val 
260 
GTA TTC 
Val Phe 
275 

CAA ACC 
Gin Thr 

GCA GCA 
Ala Ala 



Asp Leu Thr Arg 
230 

TAC CGC TTC CAC 
Tyr Arg Phe His 
245 

GCC GAA CCC aC 
Ala Glu Ala Leu 

GTC GGT Ta TGG 
Val Gly Ser Trp 
280 

GAC CAA CTA GCT 
Asp Gin Leu Ala 
295 

AGC GAA GGA AGG 
Ser Glu Gly Arg 
310 



lie Glu Pro Arg Pro Thr 
235 

ATA TCC GGA CAT 
He Ser Gly His 



CTG GAC 
Leu Asp 
250 
CGC GCA 
Arg Ala 
265 

CCC TCC 
Pro Ser 



CTC CAC 
Leu His 

AAC CGT 
Asn Arg 



ga^lJCO^g^c : 20 



mm 

TCAACAAGCT GGAACGGACG 20 

mm^^ : 8 

m^l<D^^ : 20 

mwm : mm 

m^cDmm : m<Dmm ^^im 

CGCCGATTTA CCGCCTTGAG 20 
ia^lJ#^ : 9 
mW^^ : 21 

m^Kom : mm 



Bn(r>mm:^<r>mm ^^feoNA 
mm 

CCGTCTGGAA CCACCCCCGA T 21 
K^J#^ : 10 
ea^iJcO:^^ : 21 

m^mm mm 

mm<Dmm:m<Dmm ^^dna 

ATCGGGCGTC ATTCCAGACG C 21 
E?tJ#-^ : 11 



AAC CTA CAC AAG 
Asn Val His Lys 
300 

AAA CTT AAC TAC 
Lys Leu Asn 
315 



CTC CAA 
Leu Gin 
270 
Ga GAA 
Ala Glu 
285 

GCG GAC 
Ala Asp 



Arg Lys 
240 
ATC CGC 
lie Arg 
255 

GCC GAA 
Ala Glu 

GAC AGC 
Asp Ser 

GAA TGG 
Glu Trp 



768 



816 



864 



912 



948 



: 21 



m^i\(omm : i^<Dmm ^fmm 

CCGTCTGGAA GACCGCCCGA T 
2 1 

fia^lJ#-^ : 1 2 
KJlJO:^^ : 21 

mm<om : mm 

mm<Dwm ^(Dmm -^^na 

ATCGGGCGGT CTTCCAGACG G 21 
: 13 
: 21 

Mm<Dm : mm 

^¥\<Dmm:m<r>mm 
mm 

CCGTCTGGAA TGACCCCCGA T 21 
: 14 

Mm(D^^ : 21 

mmom : mm 

mn<omm:^<Dmm -a^fiKoNA 
mm 

ATCGGGCGTC ATTCCAGACG G 21 
iEJlJ#-^ : 15 
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mm<0^^ : 20 

GCGGAGCTCG AGAAGTGGTG 20 
: 16 

^^i]<D^^ : 20 

ACTCAGAATT CCTTCCGAGC 20 
: 17 

ga^iJiO^^ : 20 



GGATTAAAGC TTTGCAGCn 20 
0ajfJ#^ : 18 
EJ'JCO^^ : 20 

mm 

GTGGATGAAT TCACCACCGA 
2 0 

li^l] pTS- a r o F . pTS- a r oG cQlf^ 
[^2] ^^^3ta^^^ a r o F cDDS^iitCjott 

L - :^/Wr 7 - VIC J: 6 milS $r^i- 1> O-e^ 



6, 

5o 



[@5j pMGA J^t/pMGAL 1 O^ffig 



[^1] 



im2] 



PCRft» foreF 



PCRgOfofoG) 



pHS63ee© 




Sog!»SmoI 



EcqRI* Hindu 






0 12 3 

L-^Pv>ieJt{mM) 
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1^3) 



[1^41 
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(51) Int. CI. ^ ^sijie-^ fff^mm^'^ 

C 1 2 P 13/22 C 8931 -4 B 

//(C12N 1/21 
C 1 2R 1:19) 

(C 1 2 P 13/22 
C 1 2R 1:19) 



(72) itm m 



